YVO4:Eu is an important red-emitting phosphor that is used widely in cathode ray tubes (CRTs) and fluorescent lamps. 1, 2 Bulk YVO 4 :Eu is normally prepared by a solid state reaction. [3] [4] [5] Many synthetic methods have been developed for the fabrication of YVO4:Eu phosphors, such as solution combustion reactions, hydrolyzed colloid reactions, and urea precipitation followed by calcination. [6] [7] [8] [9] YVO4:Eu nanophosphors have also been prepared using sonochemical methods, hydrothermal reactions, and polymer complex processing methods. [10] [11] [12] [13] [14] [15] [16] [17] However, relatively little is known about the synthetic methods for preparing YVO4:Eu nanophosphors using emulsions as precursors. In this study, simple methods for the production of YVO4:Eu nanophosphors are reported using hydrothermal reactions of emulsions containing Y(NO3)3, Eu(NO3)3, and NH4VO3. YVO4:Eu submicron-sized phosphors were also prepared by the calcination of YVO4:Eu nanophosphors. Figure 1 shows the XRD patterns and Miller indices of the Y0.93VO4:0.07Eu nanophosphors obtained using the hydrothermal method at different water to surfactant ratios (w). Most of the peaks corresponded to tetragonal YVO4 and were in good agreement with the data reported previously for this system (JCPDS 17-0341, a = 0.7119 nm, c = 0.6289 nm). Unidentified peaks marked by the asterisks were also observed. 
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The emission spectrum was composed of sharp lines ranging from 500 to 800 nm that were associated with the 5 We also synthesized Y 1-x VO 4 :xEu phosphors using the hydrothermal emulsion method with w = 5. The emission intensity of the Y1-xVO4:xEu phosphor depended on the Eu concentration. The photoluminescence intensity of the Y1-xVO4:xEu phosphor with a Eu concentration above 7 mol % decreased gradually with increasing Eu concentration. This concentration quenching could be explained in terms of the Eu Eu particles increased to 800 nm at 1100 o C. Figure 5 shows the relative emission spectra of the Y 0.93 VO 4 : 0.07Eu phosphors prepared by two different methods. The first method was the typical solid state reaction of Y2O3, Eu2O3, and NH4VO3 at 1100 o C. The YVO4:Eu phosphor prepared by the solid state reaction was also used as the reference material. The second method was the hydrothermal method using a mixture of Y(NO 3 ) 3 , Eu(NO 3 ) 3 , and NH 4 VO 3 emulsions followed by calcination at 1100 o C. The particle size of the YVO4:Eu phosphors prepared by the solid state reaction was 5 µm, as shown in Figure 6 (a). The YVO4:Eu phosphors prepared by the hydrothermal reaction of the emulsion followed by calcination had an average size of 800 nm, as shown in Figure 6(b) .
In general, the photoluminescence intensity increased with increasing phosphor size due to a decrease in the surface area to phosphor volume ratio because surface defects produced nonradiative recombination processes between electrons and holes. However, the emission intensities of the 800 nm YVO4:Eu phosphors prepared by the hydrothermal method were 75% the intensity of the 5 µm YVO4:Eu phosphors prepared by the solid state reaction method. Because the ratio of the total surface area to a given phosphor volume for the 800 nm YVO4:Eu phosphors was 6.25 times that of the 5 µm YVO4:Eu phosphors, the photoemission intensities of the 800 nm YVO 4 :Eu phosphors were expected to be only 16% of the intensity of the 5 µm YVO4:Eu phosphors based on the simple contribution of the particle size. Therefore, photoemission intensities of the 800 nm YVO4:Eu phosphor prepared by the hydrothermal emulsion reaction followed by calcination were enhanced by a factor of 4.7 relative to that of YVO 4 :Eu phosphors of the same size prepared by the solid state reaction. When the emulsion was used to prepare the YVO4:Eu phosphors, the surfaces were protected from ambient oxygen by the capping surfactant, which decreased the number of surface defects. This compensated for the adverse effects of surface defects in the small YVO4:Eu phosphors prepared by the hydrothermal method.
In conclusion, we prepared YVO4:Eu nanophosphors using the hydrothermal reaction emulsions of Y(NO3)3, Eu(NO3)3, and NH4VO3. The H2O to CTAB molar ratio played an important role in the emission properties of the YVO4:Eu nanophosphors. The hydrothermal emulsion reaction, followed by calcination at 1100 o C, may be an effective synthetic strategy for preparing bright YVO4:Eu phosphors with fewer surface defects and a particles size of 800 nm. When the emulsion was used to prepare the YVO4:Eu phosphor, enhanced emission intensities were achieved due only to the decreased presence of surface defects.
Experimental Section
Y(NO3)3․6H2O (Aldrich), Y2O3 (Rhodia Chimie), Eu(NO3)3 (Aldrich), Eu2O3 (Rhodia Chimie), NH4VO3 (Aldrich), and cetyltrimethylammonium bromide (CTAB, TCI) were used as received. In this experiment, two methods were used to prepare the YVO4:Eu phosphors. In the first method, the YVO4:Eu precipitate was obtained by the hydrothermal reaction of a mixture of emulsions containing Y(NO3)3 with an emulsion containing Eu(NO3)3 and NH4VO3, followed by calcination at 1100 o C for 3 h. The CTAB/water/cyclohexane/n-butanol system was used to prepare the emulsions. Typically, 2 mL 0.465 M Y(NO3)3․6H2O and 0.035 M Eu(NO3)3․6H2O aqueous solution were added to a solution containing 8 g CTAB, 40 mL cyclohexane, and 8 mL n-butanol with vigorous stirring. The NH4VO3 emulsion was prepared by adding 2 mL of an aqueous 0.5 M NH4VO3 solution to a solution containing 8 g CTAB, 40 mL cyclohexane, and 8 mL n-butanol with vigorous stirring. The pH of the NH4VO3 aqueous solution was adjusted to 9 -10 by the dropwise addition of an ammonium hydroxide solution with vigorous stirring. The two optically transparent solutions were mixed, a 60 mL aliquot of this solution was transferred to a 100 mL Teflon-lined autoclave, and the aliquot was heated to 150 o C for 12 h. The precipitates were centrifuged, washed several times with water and ethanol, then dried at 60 o C for 12 h. To determine the effects of the H2O to CTAB molar ratio (w), different amounts of CTAB were used, holding the other conditions fixed. Various w values (5, 10, 15, and 20) were investigated. The second method used to prepare the YVO4:Eu phosphor was a typical solid state reaction. Y 2 O 3 , Eu 2 O 3 , and NH4VO3 were weighed stoichiometrically, mixed, ground with a mortar, then calcined in a box-type furnace at 1100 o C for 3 h. The structures of the as-prepared YVO4:Eu phosphors were analyzed by powder X-ray diffraction (XRD, PANalytical, X'pert-pro MPD) using Cu Kα radiation. The morphology of the products was observed by scanning electron microscopy (SEM, Hitachi S-4300) and transmission electron microscopy (TEM, JEOL JEM-3010). The photoluminescence excitation and emission spectra of the YVO4:Eu phosphors were measured using a spectrum analyzer (DARSA, PSI) with a 27.5 cm monochromator, a photomultiplier tube, and a 500 W Xe lamp as the excitation source. The incident beam was perpendicular to the sample surface, and the observation angle was 45 o relative to the excitation source.
